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magnitude less sensitive than required for a practical assay. The background 
problem was due to sample and reagent contaminants such as RNA and 
nucleotides. Efficient removal of these contaminants appears to be tedious, as 
does the preparation of the M13:RNA probe hybrid. Much refinement is 
required before this format can be practical. 

Acridinium Esters. Weeks et al. (1983, 1986) have employed certain 
acridinium esters as chemiluminescent tags in immunoassays. They developed 
an activated N-hydroxysuccinimide derivative which could be easily coupled to 
the primary amines on antibodies or antigens. These compounds can be induced 
to produce a short burst of light in the presence of alkaline hydrogen peroxide. 
Ligands labeled with such esters can be detected at lower concentrations (8xl0* 19 
mole) than those labeled with 125 I , illustrating the sensitivity obtainable with 
these compounds. The use of acridinium esters in a heterogeneous assay was 
described earlier in this section (affinity capture). Nelson et al. (1988) of Gen- 
Probe Corp. described the application of this detectable group to develop a 
homogeneous assay system of useful sensitivity. This homogeneous hybridization 
assay is illustrated in Figure 5.7. After hybridization of the acridinium ester- 
labeled probe to its target nucleic acid, the acridinium moieties on the unhybridized 
probe molecules are selectively cleaved from the probe (and thus inactivated) by 
a proprietary process. The only chemiluminescence which remains is that 
associated with hybridized probe, so the remaining chemiluminescence is 
proportional to the amount of target nucleic acid. A drawback of the assay is 
detection sensitivity (about 1 ng of target), which makes this assay suitable only 
for the detection of amplified targets such as rRNA or PCR amplification 
products. Refer to Section 6 for further discussion of amplified targets. 

SANDWICH HYBRIDIZATION 

Solid Phase Sandwich Hybridization. The sandwich hybridization format was 
originally described by Dunn and Hassell (1977) and adapted by Ranki et al. 
(1983) and Ranki and Soderlund (1984). It was developed to avoid the tedious 
purification and immobilization of sample nucleic acid required in most solid 
phase hybridization formats. Sandwich hybridization has two main advantages 
over direct filter hybridization, sample immobilization is not required and crude 
samples can be assayed reliably. In addition, sandwich hybridization is potentially 
more specific than direct hybridization because two hybridization events must 
occur in order to generate a signal. Solid phase sandwich hybridization requires 
two adjacent, non-overlapping probes; an immobilized capture probe and a 
labeled detection probe. Figure 5.8 illustrates a typical sandwich hybridization 
scheme consisting of an immobilized capture sequence cloned into M13 and an 
adjacent detection sequence cloned into pBR322. A sandwich structure can 
form only if the sample contains nucleic acid which spans the original junction 
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FIGURE 5.8 General Diagram of Sandwich Hybridization. Two adjacent DNA 
fragments from the genome of interest are cloned into non-homofogous vectors. 
Here, the capture fragment (B) is cloned into Ml 3 and immobilized, while the probe 
fragment (A) is cloned into pBR322, linearized and labeled. Probe is specifically 
bound to the support only in the presence of target nucleic acid that spans the 
junction between fragments A and B. 
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between the two fragments in genomic nucleic acid. Note that the two probes 
must be subcloned into separate, non-homologous vectors to avoid high 
background signals. Gel purification of the two adjacent fragments from the 
same clone is not suitable because, regardless of the care taken, each band will be 
contaminated with DNA from the other band. 

Sandwich hybridization formats have utilized filters (Ranki et aL, 1983) 
and also utilized beads (Polsky-Cynkin et al, 1985; Langdale and Malcolm, 
1985) to immobilize the capture probe. The use of beads resulted in better 
standardization of the assays and easier handling of small numbers of samples. 
For large numbers of samples, however, beads can be difficult to handle and 
wash. Dahlen etal (1987) have conducted sandwich hybridization in microtiter 
wells, which are more appropriate for handling large numbers of samples. They 
absorbed the capture DNA to the well, then fixed it to the plastic using UV light. 
Keller et al (1989) used sandwich hybridization in microtiter wells to detect 
amplified nucleic acid fragments with a covalentiy coupled capture probe. 

Sandwich hybridization in microtiter wells has a number of advantages 
over other hybridization formats. The use of sandwich hybridization provides 



